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ABSTRACT 
Algal blooms are a common occurrence in water bodies of all shapes and sizes 
throughout the United States and countries around the world.  The State of Florida is no 
exception to this phenomenon.  Cyanobacteria, or blue-green algae, have proven to be of special 
concern due to its proliferation and potential to produce toxins that are harmful to humans, 
livestock and wildlife.  A casual drive along the roads and in the neighborhoods of central 
Florida will confirm algal conditions in many areas.  The potential for exposure to harmful and 
possibly fatal toxins associated with these algal blooms are becoming more evident as urban 
development progresses. 
Detailed studies have been previously performed for large lakes and rivers in the State of 
Florida, but no studies have been performed regarding stormwater ponds.  Since stormwater 
ponds in residential neighborhoods are a common source for irrigation, research in this area is 
warranted due to the potential health effects associated with Cyanobacteria.  This research was 
conducted to determine if Cyanobacteria does exist in stormwater ponds and to what extent.  
Cyanobacteria were found to be in stormwater ponds of various sizes, locations and watersheds 
in the central Florida area.  Even though the algae and its associated toxins were encountered in 
the stormwater ponds evaluated for this study, the levels detected were much lower than the 
values discovered in previous studies performed in the larger lakes and rivers around the State. 
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CHAPTER ONE: INTRODUCTION 
Cyanobacteria and their toxins have been identified in Florida lakes.  Their occurrence 
has been presumed to be related to eutrophication conditions and the cause of alligator deaths in 
some lakes.  In addition, concern in a residential pond in an Orange County Florida subdivision 
has been raised by local government officials when irrigation water from a stormwater pond 
(residential lake) was assumed to be related to respiratory problems of people in homes adjacent 
to the stormwater pond. 
Studies concerning Cyanobacteria have been conducted across the state of Florida.  These 
investigations have been focused on large water bodies, such as lakes, rivers and reservoirs.  
Limited information has been generated concerning smaller water bodies.  Due to the continuing 
development in the Central Florida area, the number of stormwater ponds will continue to 
increase accordingly.  This study pertaining to stormwater ponds focused on Orange and 
Seminole counties in order to satisfy this particular area of limited information. 
1.1 Objectives 
The limited amount of information concerning Cyanobacteria and its associated toxins 
related to small water bodies, stormwater ponds in particular, has inspired the necessity to 
conduct an investigation in this area.  The casual and uninhibited use of stormwater ponds by 
residents as an irrigation water source needs to be evaluated to determine if potential health risks 
exist. The objectives of this study using stormwater ponds in Central Florida were to: 
1. Determine the counts of Cyanobacteria 
2. Determine the concentration of toxins 
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3. Determine the counts and concentration after filtration through a natural soil 
media, and 
4. Determine if stormwater ponds can be a safe source for irrigation regarding toxins 
associated with Cyanobacteria. 
1.2 Limitations 
The geographic area of Central Florida was selected as the study area for this 
investigation.  Studies previously conducted were distributed around the state of Florida and 
limited to lakes.  This research was limited to the Central Florida area.  More specifically, the 
stormwater ponds that were selected were in Seminole and Orange Counties.  There were no 
stormwater ponds included in past studies. 
 2
CHAPTER TWO: LITERATURE REVIEW 
2.1 Cyanobacteria 
Cyanobacteria are believed to be among the oldest organisms on earth.  They are among 
the most adaptable organisms found on Earth that colonize areas of bare rock and soil (Whitton, 
1992).  It is expected to find Cyanobacteria in the most infertile of environments, such as 
volcanic ash and desert sands (Jaag, 1945; Dor and Danin, 1996).  Cyanobacteria have been 
isolated in extreme environments ranging from hot springs to partially-frozen Antarctic lakes 
(Whitton, 1992). 
Cyanobacteria comprise a large and morphologically diverse phylum of the doman Bacteria, 
though physiologically they are very similar to plants and some algae.  The vast majority of 
Cyanobacteria are classified as photoautotrophs; they require light, carbon dioxide, water, and 
inorganic nutrients for their life processes.  Thus, nutrients such as phosphorous and nitrogen can 
stimulate growth.  Photosynthesis is carried out using chlorophyll-a, the same form of 
chlorophyll used by eukaryotic phototrophs (as opposed to bacteriochlorophyll, which is used by 
most other phototrophic bacteria). 
The most prominent environments for Cyanobacterial growth are freshwater bodies.  
Cyanobacteria will often colonize all zones of water in a freshwater body, ranging from near-
surface zones to deep waters (Whitton, 1973).  Gas vesicles, a group of cytoplasmic structures 
commonly found in water-dwelling species of Cyanobacteria, will aid in regulating cell 
buoyancy, allowing the Cyanobacteria to adjust vertical position in the water column and find an 
optimal zone for growth and reproduction (Hitzfeld et al, 200).  The expansion of Cyanobacteria 
in freshwater is greatly accelerated in eutrophic conditions.  Phosphorus and nitrogen from 
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treated wastewater effluent and stormwater runoff can be utilized by Cyanobacteria, ultimately 
resulting in the development of large blooms and mats (Chorus and Bartram, 1999). 
2.1.1 Toxic Cyanobacteria 
Several genera of Cyanobacteria have been identified as producing secondary metabolites 
that are toxic to humans and animal life.  Although isolation of these toxins has only occurred 
within the past few decades, reports of algal poisoning of humans and livestock have been 
published for well over a century.  In 1878, a toxic bloom of Nodularia spumigena in an 
Australian lake resulted in the mysterious deaths of sheep, dogs, horses, and pigs (Francis, 1978).  
Since this first case study of cyanotoxicosis, many other species of Cyanobacteria have been 
implicated in illnesses and deaths of animals and humans alike (Carmichael, 1994). 
2.1.2 Microcystis Aeruginosa 
Microcystis aeruginosa is one of the most commonly found species of Cyanobacteria.  It 
has been isolated in all areas of the world ranging from the tropical waters of the Amazon to the 
more temperate waters of the Potomac River in the United States.  It is normally found in 
freshwater to slightly brackish waters (Skulberg et al, 1993). 
Blooms of M. aeruginosa are light-green in color and mucilaginous in texture.  Some blooms 
have been described as appearing as though green paint had been spilled on the surface of the 
water (Maryland DNR, 2003).  Toxic blooms of M. aeruginosa can release a group of 
cyanotoxins known as Microcystins into the water. 
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2.1.3 Anabaena flos-aquae 
Another common specie of toxic Cyanobacteria is Anabaena flos-aquae.  Like M. 
aeruginosa, this cyanobacterium is also found worldwide, although most cases of toxic blooms 
have been reported in Europe and North America. 
Anabaena is a nitrogen-fixating genera of Cyanobacteria.  The heterocysts in its filaments will 
convert diatomic nitrogen gas from the atmosphere into ammonia, which it will utilize as a 
nitrogen source.  Anabaena blooms are similar in color to Microcystis blooms, and will often 
accumulate near the shores of lakes.  Toxic Anabaena blooms can produce several types of 
cyanotoxins, including Microcystins.  However, Anabaena can also produce the potent 
neurotoxin anatoxin-a. (Carmichael, 1994). 
2.1.4 Cyanotoxins 
Cyanotoxins are organic compounds produced during the metabolic processes of certain 
species of Cyanobacteria.  The mechanisms for the synthesis of cyanotoxins have been studied 
extensively within the past decade.  Although the environmental conditions that promote 
cyanotoxin production are not well known, the metabolic mechanisms that govern cyanotoxin 
synthesis are beginning to emerge (Meissner et al, 1996; Dittman et al, 1997).  The mechanisms 
of toxicity of the various known cyanotoxins have been firmly established.  Cyanotoxins can be 
classified functionally as hepatotoxic, neurotoxic, or cytotoxic (codd et al, 1997; Chorus and 
Bartram, 1999). 
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2.1.5 Microcystins 
Microcystins are the most frequently isolated cyanotoxins in freshwater bodies.  They 
comprise a group o cyclic heptapeptides produced by at least six genera of Cyanobacteria, 
including Microcystis and Anabaena (Chorus and Bartram, 1999). 
Case studies of the toxic nature of Microcystins to humans are numerous.  A 1981 bloom 
of M. aeruginosa in Malpas Dam, near Arimdale, Australia, produced quantities of Microcystin-
YM.  The toxins were not removed by the town’s water treatment facility and were present in 
drinking water.  An epidemiological analysis of liver function of the population consuming the 
contaminated water found that levels of certain liver enzymes were elevated during the bloom 
and after the bloom was treated with copper sulfate, indicating a fair degree of liver damage 
(Falconer et al, 1983).  Perhaps the most tragic case of Microcystin poisoning occurred in 
Caruaru, Brazil, in 1996.  A bloom containing toxic strains of Aphanizomenon, Oscillatoria, and 
Spirulina released several variants of Microcystins into a water supply used by a hemodialysis 
center.  The Microcystins were not removed by the municipal water treatment system or the in-
house water purification system of the hemodialysis center.  Therefore, Microcystins were 
directly introduced into the blood stream of a patient during a hemodialysis treatment.  Eighty-
five of the hemodialysis center’s 136 patients developed acute liver failure, resulting in almost 
60 fatalities.  Pathology analyses indicated the presence of a novel toxic hepatitis similar to that 
found in animals exposed to Microcystins.  After initial uncertainties as to whether 
Cyanobacteria were indeed to blame for the deaths, an HPLC analysis of the in-house water 
treatment system effluent found Microcystin-LR in the ppm range.  Concentrations in liver tissue 
were as high as 0.6 mg/kg (Jochimsen et al, 1998; Pouria et al, 1998). 
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In addition to the death and disease caused by acute exposure to Microcystins, evidence 
is emerging that chronic exposure is leading to the development of primary liver cancer (PLC) in 
humans.  There have been reports of elevated PLC development in areas of China that use pond 
and ditch water for drinking water.  In the cities of Haimen and Qidong in the Jiangsu Province, 
pond and ditch water used as drinking water averaged 160 pg/mL (ppb) Microcystins, whereas 
Microcystins were not detected in well water.  Incidence of PLC in people drinking pond and 
ditch water was 100.13 per 100,000, compared to only 4.28 per 100,100 among those using well 
water.  Although the evidence does not directly implicate Microcystins in the high rate of PLC in 
China, the strong correlation suggests that chronic exposure to Microcystins can pose as great a 
risk to human health as acute exposure (Yu, 1989p Ueno et al, 1996). 
2.1.6 Detection Methods 
Detection of Microcystins can be performed using various analytical techniques.  The 
most effective techniques are ELISA and HPLC.  During the previous study referenced in this 
report, “Assessment of Cyanobacteria in Florida’s Lakes, Reservoirs and Rivers”, there were 
several analytical methods employed.  Of the following methods listed, the Enzyme Linked 
Immunosorbent Assay (ELISA) method was used by the laboratory selected to analyze the 
samples collected for this study.  This method has a sensitivity of approximately 0.5 nanograms 
per milliliter (ng/mL).  Values near or below this level were not considered significant. 
The mouse bioassay method used ICR-Swiss male mice that were injected with extracts 
of freeze dried samples with concentrations that varied from 1,000, 500, 250 and 100 milligrams 
per kilogram of body weight.  The mice were monitored for 1 hour and then at 1-hour intervals 
for 8 hours.  Some observations continued for up to 48 hours when it was feasible. 
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The Protein Phosphatase Inhibition Assay (PPIA) was also used.  This test targeted 
Microcystin and nodularin due to the affinity they have to covalently bind to the protein 
phosphatases in an inhibitory and irreversible manner.  The color transformation associated with 
the inhibition of the protein phosphatases is inversely related to the Microcystin and nodularin 
concentrations.  The darker the color change, the lower the Microcystin and nodularin 
concentrations.  This method is approximately 100 times more sensitive than the HPLC method. 
The Anticholinesterase Assay (AA) was used to evaluate anatoxin-a(s).  The inhibition of 
the acetylcholinesterase enzyme was measured by the decrease in color associated with the 
reaction of the enzyme and the substrate acetylthiocholine.  These values were plotted and 
compare to a standard curve based on purified anatoxin-a(s). 
High Performance Liquid Chromatography-Fluoresence (HPLC-FL) was used to analyze 
anatoxin-a since the concentrations of this toxin are generally very low in natural waters.  This 
method determines the homoanatoxin-a and their dihydro and epoxy analogues as well.  The 
detection limit for this method is 10 nanograms per liter.  The High Performance Liquid 
Chromatography-Ultra Violet (HPLC-UV) method was used to detect the low concentrations of 
cylindrospermopsin when applicable. 
2.2 Florida Studies 
The authors of “Assessment of Cyanobacteria in Florida’s Lakes, Reservoirs and Rivers” 
evaluated cyanotoxins in water bodies across the entire state of Florida (Williams et al., 2001).  
The regional distribution of water bodies sampled for this report consisted of 25 per State water 
management district, with the exception of Suwannee River Water Management District in north 
central Florida which had 15.  Personnel in most of the Districts were only able to perform one 
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complete set of 25 samples for all selected water bodies.  Two districts, South Florida and 
Southwest Florida, were able to obtain four additional samples, but not a complete set of 25.  The 
water bodies that were studied within the St. Johns River Water Management District 
(SJRWMD) were sampled at greater frequency than the other districts. 
The samples obtained outside the SJRWMD were limited for several reasons.  There 
were a limited number of qualified personnel available to perform the field activities associated 
with collecting samples and the time sensitive nature regarding the occurrence and duration of 
the algal blooms restricted the opportunities to collect representative samples that would reflect 
the Cyanobacterial blooms.  The sites selected for this study did not include small water bodies 
or stormwater ponds within any of the water management districts.  Furthermore, there were no 
sampling sites in the Orlando area which are within the St. Johns and South Florida Water 
Management Districts. 
The subject sites selected were major water bodies that satisfied a particular set of 
criteria.  The water bodies were prioritized by criteria related to being a potable surface water 
supply, contact recreation (swimming), agricultural (livestock water supply) and Outstanding 
Florida Waters (OFWs).  The selection process took into consideration locations that had 
potential to impact water quality, ecosystem stability surface drinking water supplies and human 
health.  The potential for the economic decline in fisheries, recreational use of lakes and beaches 
and property values are some of the other areas related to these considerations. 
The subtropical climate and significant hydrologic modifications associated with the 
urban development in Florida support Cyanobacteria growth in many of the surface waters 
throughout the State.  The blooms in Florida water bodies undoubtedly have a long history and 
most likely occurred prior to human development in Florida.  However, the occurrences of 
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Cyanobacterial blooms in Florida have been steadily increasing over the past several decades 
(Williams et al., 2001).  Some of the conclusions were that the rise in population density and 
land use appear to coincide with the increase in bloom occurrence, duration and intensity.  The 
blooms were not limited to lakes relative to the size and usage.  Several of Florida’s largest and 
most important lakes, rivers and estuaries have experienced Cyanobacterial blooms.  The list 
includes Lake Okeechobee, Lake Apopka, the St. Johns River and Florida Bay (Williams et al., 
2001).  This study did not evaluate or conduct any sampling of stormwater ponds. 
Due to limited sampling on the size and volumes of lakes in the districts other than 
SRJWMD, the results are not considered as representative for stormwater ponds.  Thus, the 
analyses in this thesis expand on the data base that has been previously generated since no 
stormwater ponds were evaluated.    However, the results do indicate that toxic levels of blue-
green algae do exist across the State.  The SRJWMD was the most thoroughly sampled District 
and showed that 81% of the samples collected contained potentially toxic Cyanobacteria.  Even 
though the sampling frequency and percentages of potentially toxic strains of Cyanobacteria 
were slightly lower in the other Districts (76%, 69%, 76%, 75%), the values are not drastically 
different to suspect that a more thorough investigation would yield significantly different results.  
(Williams et al., 2001). 
The methods used during this research project were based on previous efforts 
documented in the “Assessment of Cyanobacteria in Florida’s Lakes, Reservoirs and Rivers”.  
The sampling procedures that were practiced during the prior study involved minimizing 
potential outside influences that could compromise the sample.  The representative samples were 
collected upstream or upwind from the motor if a boat was used.  Efforts were made to avoid 
disturbing sediment in the immediate area of the sample location.  Sample bottles were rinsed 
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with sample water prior to collection to minimize the chance of cross contamination.  Since two 
laboratories were conducting the analyses, split samples were collected at each location in order 
to provide samples under identical conditions. 
The samples for the previous study were collected between June 10 and November 5, 
1999.  Of the 167 samples obtained for this study, 88 were determined to contain significant 
levels of toxin-producing blue-green algae.  These 88 samples represented 75 individual water 
bodies.  The algal toxins were positively identified in all 88 water samples.  It was also noted that 
80% of these samples had levels that have been shown to be lethally toxic to mice. 
Research has been initiated at the Federal level by Officials at the Centers for Disease 
Control to investigate toxic algae within Central Florida lakes.  Lake County Florida has 
experienced large algae blooms for many years and has been well documented.  The new 
research is focused on evaluating the potential health threats within the Harris Chain of Lakes.  
Prior research in this chain of lakes, particularly Lake Griffin, has been conducted to investigate 
the possible cause of death for hundreds of adult alligators.  Florida will join other states around 
the county, such as Oregon, Nebraska and Wisconsin, to evaluate the potential threat to human 
health from toxic algae since cases have been documented regarding animal deaths related to 
toxic algae-contaminated water.  The death of a 17-year-old Wisconsin boy occurred suddenly 
after he was swimming in an algae-filled pond.  (Orlando Sentinel, 2005) 
Identification and Toxonomy for Cyanobacteria has continued to evolve.  More accurate 
measures are now available as related to the taxonomy of Cyanobacteria.  Short courses for 
identification are now commonly held at professional meetings and conferences (Burns and 
Chapman, 2005).  Significant professional attention is being given to the potential problem of 
Cyanobacteria because of specialty conferences.  As two examples relevant to the Florida 
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environments, a proceeding of health effects was published in August of 2002 (Johnson and 
Harbison, 2002) and an international conference was held in 2005.  This international conference 
had papers and presentations related to the occurrence of blooms and toxins, with causes and 
exposure assessment methods (Environmental Protection Agency, 2005). 
An investigation was conducted on Lake Griffin in Lake County Florida due to the 
growing concern of deaths of adult alligators and reduced hatch rate of eggs in recent years.  The 
number of adult alligator deaths on Lake Griffin from November of 1997 to December of 1999 
had exceeded 230.  The toxins associated with Cyanobacteria are a known component of the 
algae blooms in Central Florida and these toxins have been documented to cause the mortality of 
wildlife in several areas around the world.  The dominant blooming algae in Lake Griffin have 
been identified as Cyanobacteria (Ross, 2000). 
Alligators are an excellent test subject due to their physiological characteristics and their 
role within the ecosystem.  They are a large predator at the top of the food chain with an 
exceptionally long normal life expectancy.  The large bodies of the adults can carry heavy loads 
of fat storage that can accumulate contaminants.  The developing eggs present a more sensitive 
situation to contaminants that may impact the embryos during the developmental stages.  
Between 1994 and 1997, the hatch rate of alligator eggs collected on Lake Griffin was only 10% 
of the normal (Ross, 2000).  These contaminants could manifest their potential adverse affects on 
the eggs either maternally or environmentally.  The results from the study showed that the toxins 
were found in concentrations great enough to kill mice in laboratory tests, but the toxins were not 
found in high enough levels to cause acute toxicity in the alligators in Lake Griffin.  There were 
no visible signs of gross or abnormal tissue damage.  The liver of the alligators from both study 
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lakes had comparable levels of toxins present.  The levels proved to be consistent with typical 
exposure to blue green algae and their associated toxins. 
2.3 International Studies 
An investigation was conducted in Australia to determine an inexpensive means of 
removing toxins from drinking water.  The method evaluated was bank filtration using naturally 
occurring soils with different physicochemical properties in regions of South Australia.  Current 
methods of drinking water treatment have proven effective, but the required chlorination levels 
needed to be effective may be impractical.  Additionally, the potential for chlorinated organic 
compounds are elevated and these compounds are known to cause adverse health affects in 
humans.  The results show that soil adsorption is effective, but is sensitive to salinity and pH.  
The high salinity content water showed greater adsorption coefficients.  As pH of the water 
increases, the effectiveness of adsorption decreases.  (Miller et al., 2001) 
Documented cases of illness have been reported following exposure to small ponds with 
bacterial growth.  This was shown in Wisconsin during the summer of 2002.  There exists a 
report of a 17-year old boy and some friends who were swimming in a golf course pond and later 
became ill with nausea, vomiting and diarrhea.  The 17-year old boy died within 48-hours.  
Exposure to toxins associated with Cyanobacteria (Anatoxin-a) was determined by the coroner 
and Wayne Carmichael, professor of toxicology at Wright State University in Dayton, Ohio, but 
the time of death following exposure is not consistent with studies performed on lab animals.  
The effects of exposure are seen within minutes to an hour or two in lab animals.  However, 
Carmichael states, “otherwise, the evidence points to anatoxin” and the coroner supports his 
statement by concluding, “Anatoxin is the most reasonable cause of death with the available 
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information”.  The coroner also commented that the boys may have had the stomachaches and 
diarrhea symptoms before they informed their parents (Behm, 2003).  The exposure the boys 
received may have included consumption during the exposure while swimming. 
The World Health Organization (WHO) located in Geneva, Switzerland has provided a 
guideline for drinking water quality regarding the Microcystin toxin.  A value of 1 ug/L 
Microcystin-LR has been established based on the average water consumption of 2 liters per day 
by an adult with a body weight of 60 kg.  It was noted that exceeding this exposure level for a 
short duration would be tolerable, but measures should be taken to discontinue exposure and to 
reduce the toxins in the water source to acceptable levels (Chorus and Bartram, 1999).  Also, the 
American Water Works Association reported that toxins from inhalation of water vapor may 
cause minor health problems, but not chronic or acute effects found from the oral intake of the 
toxins (JAWWA, 2003). 
Small lakes or ponds sampled with littoral zones exhibited very low Cyanobacteria 
activity (Bortles, 2005).  This could be attributed to the existing vegetation utilizing the nutrients 
that support the growth of the bacteria.  Various types of aquatic vegetation were present in 
several of the ponds sampled, such as hydrilla and duckweed.  These competing plants would be 
using the nutrients before the conditions were satisfied to support the possible Cyanobacteria 
growth. 
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CHAPTER THREE: METHODOLOGY 
3.1 Site Selection 
The necessity for evaluation of stormwater ponds as a potential source of Cyanobacteria 
has become evident for several reasons.  Cyanobacteria has been identified and documented 
within larger water bodies throughout the state of Florida, but very little investigation has been 
conducted on smaller water bodies.  Stormwater ponds are an abundant and readily available 
water source.  Additionally, they are a practical and commonly used source for irrigation.  
Stormwater ponds located within residential areas are regularly used for irrigation with little or 
no treatment prior to use.  It is not uncommon for residents to pump water directly from the 
small water bodies for irrigation purposes.  Due to the extensive growth of Cyanobacteria in 
Florida waters and the potential for human exposure to airborne toxins associated with 
Cyanobacteria, the need for evaluation of these sources is evident.  The tendency for algae to 
proliferate within these water bodies is easily observed by casual glances. 
Since small water bodies are susceptible to algae growth as well as large water bodies, 
stormwater and small residential ponds were selected for this study.  The stormwater ponds that 
were selected are located in Central Florida within the Orlando area.  The ponds are located 
within residential developments (Lake Condel, Terrier Pond), on the University of Central 
Florida campus, near an industrial site (Lake Patrik), alongside a major expressway (SR 417) and 
by the side of heavily traveled urban roadways (Horatio Avenue, University Boulevard).  The 
ponds for this study were chosen on the basis that they exhibit desirable characteristics as 
irrigation sources. 
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The lack of rainfall also influenced the algal blooms.  According to Orange County 
Environmental Protection Division (Bortles, 2005), the largest blooms would occur within three 
to five days following a rain event.  The rain event would hinder the algae growth, but the largest 
blooms would occur within the three to five day period provided that another rain event would 
not occur. 
3.1.1 Initial Site Selection 
A windshield survey was conducted in order to evaluate potential pond sites for this 
investigation.  This consisted of traveling along Central Florida roads and residential areas to 
visually observe potential ponds that exhibited excessive algae growth.  This method was used in 
conjunction with ponds recommended by the Orange County Environmental Protection Division 
that are currently being studied for Cyanobacteria. 
3.1.2 Selected Ponds 
Residential 
1 Lake Condel 
2 Terrier Pond 
University of Central Florida Campus 
3 South Irrigation Pond 
4 Pegasus Pond 
Industrial 
5 Lake Patrik 
S.R. 417 - Greenway 
6 NB, at Lee Vista Boulevard exit 
7 SB, 0.5 miles south of Lee Vista Boulevard 
8 NB, at SR 528 (Beeline) exit 
9 NB, 2 miles north of Narcoossee Road 
10 NB, 1 mile north of Narcoossee Road 
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Urban Roadways 
11 University Boulevard and Hall Road 
12 University Boulevard and S.R. 417, NW corner 
13 Horatio Avenue and Via Tuscany No. 1 
14 Horatio Avenue and Via Tuscany No. 2 
The USGS Quadrangle and Soil Conservation Service (SCS) Soil Survey maps for each 
stormwater pond site and photographs are shown in the Appendix. 
3.2 Pond Sampling 
The sample depths utilized for this testing was within several inches of the water surface.  
This depth was selected because some ponds were shallow or with average depths in the dry 
season less than three feet.  The sample locations were limited to within several feet of the water 
body shoreline.  For this study, samples were collected from an area in the pond where the bloom 
was present.  Sampling from deeper (half or lower) in the water column had the potential for 
introducing pond bottom mud and decaying vegetation.  The sampling technique also presented 
limitations due to limited length, approximately six feet long, of the sampling pole used to 
collect the sample.  Additionally, wading into the water body was not practiced during the 
sampling evolutions.  Samples that were collected near the water surface may have reduced 
levels of bacteria due the utilization of the necessary nutrients by competing vegetation, such as 
duckweed which was prominent at many of the pond locations. 
The method and materials used to collect the samples included a six-foot long PVC pole 
with an attachment to hold the 1-liter amber sample bottle.  The bottles were rinsed three times 
with the pond water prior to collecting the sample to be analyzed.  The sampling technique 
involved keeping the open end of the sample bottle facing down as the bottle was immersed into 
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the pond.  This was done to minimize the chance of water entering the bottle prior to reaching 
the desired depth 
Samples were collected for pH and alkalinity during the months of October, December 
and February when Cyanobacteria growth is most likely not at its peak growth.  Temperatures 
above 25 degrees C promote the highest level of Cyanobacteria growth (Chorus and Bartram, 
1999).  However, the algae are able to grow at temperatures ranging from 17 to 22 degrees C 
(Kurmayer et al., 2002).  Although conditions were conducive for bacteria growth based on 
observations of algae blooms in the ponds and information provided by Orange County, more 
favorable conditions would be experienced during the warmer months of the spring and summer 
that would support a more active growing season for the bacteria.  Samples were collected during 
April and August to satisfy the more desirable conditions for algal growth.  In addition, samples 
collected during the summer months at Lake Condel in previous years by Orange County were 
observed to exhibit readily detectable levels of Cyanobacteria.  Samples were obtained as part of 
a previous study and samples were collected by Orange County as part of the ongoing study of 
Cyanobacteria levels within Lake Condel (Bortles, 2005). 
3.3 Filtrate Sampling 
Pond stormwater was added to four chambers with A-3 soils (poorly-graded), which were 
the most common soils found near or at the stormwater ponds.  Samples for analyses were taken 
four feet below the chamber surfaces.  Amber bottles were used for sampling.  Three of the 
chambers were covered with grass and one was not covered. 
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CHAPTER FOUR: RESULTS AND FINDINGS 
Within this Chapter, Cyanobacteria population counts, potentially toxic (PTOX) counts, 
and toxin concentrations are reported for stormwater ponds and filtrate.  The filtrate was 
obtained after 50 inches of pond waters (from S.R. 417-1, Pegasus and Lake Condel ponds) 
passed through 4 feet of a poorly graded sandy soil typical of that on the campus of UCF.  Next, 
reported are comparisons between data sets from this sampling and between one other lake data 
set. 
The methods and analyses used to determine the populations and concentrations were 
performed by the same laboratory, namely GreenWater Laboratories of Palatka, Florida.  Initial 
analyses were conducted at the University of Central Florida and indicated the presence of 
Cyanobacteria but were not quantified.   The use of the GreenWater Laboratory for comparative 
quantitative analyses minimized the potential variations in analytical results so that the counts 
and concentrations determined could be compared without variability between labs.  The use of 
one lab minimized the possibility of different techniques from different laboratories which may 
provide additional variance for populations and concentrations.  In addition, a previous study for 
lake populations was performed by GreenWater and thus the comparisons to that lake data also 
reduce variability possible among labs. 
4.1 Cyanobacteria Populations 
Forty five stormwater ponds in central Florida were visited and past sampling results 
from Orange County were used to identify potential ponds for the research.  Of these 45 ponds, 
24 had indications of blue green algal activity.  Fourteen ponds were again sampled and 
identified qualitatively as having blue green algal blooms and had the visual appearance of the 
 19
algae.  Terrier Pond was sampled at two locations because it had a history of Cyanobacteria 
populations and resident respiratory problems.  Also, there is different land uses associated with 
these fourteen ponds which was a criterion for choice. 
Total Cyanobacteria and potential toxic (PTOX) counts per milliliter are shown in Table 
4.1 for two sampling periods, April or the start of the visible bloom activity, and August in the 
middle of bloom activity.  The filtrate PTOX counts were zero or near zero and the stormwater 
Table 4. 1 Total and PTOX Counts for Two Sampling Periods 
 
APRIL 2005   AUGUST 2005  
Sample Total PTOX Sample Total PTOX 
Description CYANO CYANO Description CYANO CYANO 
 Units/mL Units/mL  Units/mL Units/mL
Filtrate #1 1,167 0 Filtrate #1 2,928 1 
Filtrate #2 130 0 Filtrate #2 686 0 
Filtrate #3 751 0 Filtrate #3 650 0 
   Filtrate #4 1,231 0 
   Filtrate #4 replicate 583 0 
Residential      
Lake Condel 12,590 227 Lake Condel 36,412 1,844 
Terrier Pond East 650 499 Terrier Pond East 1,746 191 
Terrier Pond South 2,223 635 Terrier Pond South 1,501 265 
University of Central 
Florida Campus      
South Irrigation 298 0 South Irrigation   
Pegasus 1,387 68 Pegasus 3,450 38 
Industrial      
Lake Patrik 557 390 Lake Patrik 5,011 3,759 
SR 417 Roadways      
SR 417-1 824 476 SR 417-1 33,640 20,691 
SR 417-2 2,620 1,427 SR 417-2 17,578 14,312 
SR 417-3 1,005 183 SR 417-3 11,038 5,897 
SR 417-4 3,267 2,814 SR 417-4 13,797 9,064 
SR 417-5 491,690* 318 SR 417-5 499 4 
Urban Roadways      
Hall Road 389 0    
Horatio 1 0 0 Horatio 1 7,825 2,681 
Horatio 2 270 0 Horatio 2 613 8 
University & SR 417 NW 420 11    
* not included in statistical analyses 
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ponds had identifiable counts.  Alkalinity and pH were recorded 34 times and averaged 45 mg 
CaCO3 per mL and 7.4 respectively with standard deviations were 10.5 and 0.4.  Comparisons 
for average counts among land uses are shown below in Figure 4.1. 
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Figure 4. 1 Comparison of Total and PTOX Cyanobacteria Average Counts vs. Land Use 
 
The average Cyanobacteria counts for the stormwater ponds were 34,546 total and 470 
PTOX in April with standard deviations of 3,113 and 724 respectively.  One result for total count 
at SR 417-5 was eliminated from the average calculations because it is greater than 3 standard 
deviations from the mean.  For the filtrate, the averages were 682 and 0 counts with standard 
deviations of 426 and zero respectively.  For the August 2005 sampling, the averages were 
11,093 total and 4,896 PTOX with standard deviations of 11,924 and 6,371 respectively.  For the 
filtrate, the averages were 1,216 total and 0.2 PTOX with standard deviations of 887 and 0.4 
respectively. 
 21
4.2 Stormwater & Lake Cyanobacteria Population Comparisons 
For Central Florida lakes, data on total and PTOX counts are available from GreenWater 
laboratories.  These data are shown in Table 4.2.  Comparing the results from the stormwater 
ponds to those of the central Florida lakes, the stormwater ponds total Cyanobacteria counts and 
the potentially toxic Cyanobacteria counts (PTOX) averages are much lower.  There were no 
data on number of samples associated with the lake data, and thus no statistical comparisons 
could be done.  However, the pond count average data is about two orders of magnitude lower 
than the lake data.  For the April sampling, there was only one stormwater pond total count that 
was higher than the lake total counts, or the value reported for Lake Harris (491,690 Units/mL 
vs. 116,700 Units/mL).  One PTOX count exceeding the lake Apopka PTOX count (2,814 
Units/mL vs. 1,864 Units/mL).  The second sampling event did not have any total counts that 
Table 4. 2 Total and PTOX Populations in Central Florida Lakes 
 
Sample Sampling Total CYANO PTOX 
Description Date Units/mL Units/mL 
Lake Apopka Year 1 1,361,860 13,550 
 Year 2 1,136,098 1,864 
Lake Beauclair Year 1 650,370 154,190 
 Year 2 449,210 69,420 
Lake Dora Year 1 581,110 144,590 
 Year 2 500,196 129,510 
Lake Eustis Year 1 <285,000  
 Year 2 <285,000 40,520 
Lake Griffin Year 1 <285,000  
 Year 2 <285,000  
Lake Harris Year 1 235,570  
 Year 2 116,700 41,990 
Lake Yale Year 1 <285,000  
 Year 2 <285,000  
from:    
Chapman et al, 2004, "Cyanobacteria Populations in Seven Central Florida Lakes" 
15th Annual Conference of the Florida Lake Management Society, Tampa Florida 
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exceeded the lake counts, but for six stormwater ponds, PTOX counts were greater than Lake 
Apopka.  Furthermore, the average PTOX value of all the stormwater ponds from the second 
sampling event was greater than Lake Apopka. 
4.3 Cyanobacteria Comparisons Between Pond and Filtrate 
The PTOX counts in stormwater ponds that can be used for irrigation leads to the 
question, “can total and PTOX in ponds be removed by filtration using a naturally occurring 
soil?”  For sampling in April 2005, the pond water total Cyanobacteria counts are significantly 
different from the filtrate total counts at the 75% level of significance.  The stormwater pond 
PTOX counts are significantly different from the filtrate PTOX counts at the 85% level of 
significance.  The data for these statistical analyses are shown in Table 4.3. 
Table 4. 3 Pond vs. Filtrate Comparisons with Statistics April 2005 
 
Description Date Total PTOX
  Units/mL   Units/mL
Filtrate #1 4/15/2005 1,167 0
Filtrate #2 4/15/2005 130 0
Filtrate #3 4/15/2005 751 0
Residential
Lake Condel 4/17/2005 12,590 227
Terrier Pond East 4/17/2005 650 499
Terrier Pond South 4/17/2005 2,223 635
University of Central Florida Campus
South Irrigation 4/17/2005 298 0
Pegasus 4/17/2005 1,387 68
Industrial
Lake Patrick 4/17/2005 557 390
SR 417 Roadways
SR 417-1 4/17/2005 824 476
SR 417-2 4/17/2005 2,620 1,427
SR 417-3 4/17/2005 1,005 183
SR 417-4 4/17/2005 3,267 2,814
SR 417-5 4/17/2005 * 318
Urban Roadways
Hall Road 4/17/2005 389 0
Horatio 1 4/17/2005 0 0
Horatio 2 4/17/2005 270 0
University and SR 417 NW 4/17/2005 420 11
* not included in statistical analyses  
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Table 4.3 Continued Pond vs. Filtrate Comparisons with Statistics April 2005 
Total PTOX
CYANO CYANO
X bar 1 Pond AVG 1,893 470
X bar 2 Filtrate Avg 682 0.000
S1 STD DEV Ponds 3113 724
S2 STD DEV Filtrate 426 0.000
n1 # of Pond samp 14 15
n2 # of Filtrate samp 3 3
note: n1+n2= 17 18
thus use t statistic t Statistic Total PTOX
CYANO CYANO
X1bar-X2bar 1,210 470
(n1-1)*S^2 125970429 7340754
(n2-1)*S^2 363073 0.000
n1+n2-2 15 16
(1/n1+1/n2) 0.40476 0.40000
SQRT 1846 428
t 0.656 1.097
significant difference >75% >85%
For sampling on April 15 through 17, 2005
 1) The pond water total cyanobacteria counts are significantly different
     from the filtrate cyanobacteria counts at the 75% level of significance.
 2) The potentially toxic cyanobacteria counts are significantly different
     from the filtrate potentially toxic counts at the 85% level of significance  
For sampling in August 2005, the pond water total Cyanobacteria population counts are 
significantly different from the filtrate Cyanobacteria counts at the 95% level of confidence.  The 
stormwater pond PTOX counts are significantly different from the filtrate PTOX counts at the 
90% level of significance.  The data used for these statistical analyses are shown in Table 4.4. 
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Table 4. 4 Pond vs. Filtrate Comparisons with Statistics August 2005 
Sample Sampling Total PTOX
Description Date CYANO CYANO
  Units/mL   Units/mL
Filtrate #1 8/7/2005 2,928 1
Filtrate #2 8/7/2005 686 0
Filtrate #3 8/7/2005 650 0
Filtrate #4 8/7/2005 1,231 0
Filtrate #4b 8/7/2005 583 0
Residential
Lake Condel 8/7/2005 36,412 1,844
Terrier Pond East 8/7/2005 1,746 191
Terrier Pond South 8/7/2005 1,501 265
University of Central Florida
South Irrigation
Pegasus 8/7/2005 3,450 38
Industrial
Lake Patrick 8/6/2005 5,011 3,759
SR 417 Roadways
SR 417-1 8/7/2005 33,640 20,691
SR 417-2 8/7/2005 17,578 14,312
SR 417-3 8/7/2005 11,038 5,897
SR 417-4 8/7/2005 13,797 9,064
SR 417-5 8/7/2005 499 4
Urban Roadways
Horatio 1 8/7/2005 7,825 2,681
Horatio 2 8/7/2005 613 8
Total PTOX
CYANO CYANO
X bar 1 Pond AVG 11,093 4,896
X bar 2 Filtrate Avg 1,216 0.200
S1 STD DEV Ponds 11924 6371
S2 STD DEV Filtrate 887 0.400
n1 # of Pond samp 12 12
n2 # of Filtrate samp 5 5
note: n1+n2= 17 17
thus use t statistic
t Statistic Total PTOX
CYANO CYANO
X1bar-X2bar 9,877 4,896
(n1-1)*S^2 1564125679 446458710
(n2-1)*S^2 3146580 0.640
n1+n2-2 15 15
(1/n1+1/n2) 0.28333 0.28333
SQRT 5441 2904
t 1.815 1.686
significant difference >95% >90%
For sampling on August 6 through 7, 2005
 1) The pond water total cyanobacteria counts are significantly different
     from the filtrate cyanobacteria counts at the 95% level of confidence.
 2) The potentially toxic cyanobacteria counts are significantly different
     from the filtrate potentially toxic counts at the 90% level of significance  
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For the combined sampling data of April and August 2005, the pond water total 
Cyanobacteria counts are significantly different from the filtrate Cyanobacteria counts at the 
99% level of confidence.  The potentially toxic Cyanobacteria counts (PTOX) are significantly 
different from the filtrate potentially toxic counts (PTOX) at the 99% level of significance.  The 
data used for the statistical analyses are shown in Table 4.5. 
Table 4. 5 Pond vs. Filtrate Comparisons Combined Data and Statistics 
 
Total PTOX
CYANO CYANO
X bar 1 Pond AVG 6,139 2,437
X bar 2 Filtrate Avg 1,016 0.125
S1 STD DEV Ponds 9,585 4,813
S2 STD DEV Filtrate 791 0.331
n1 # of Pond samp 26 27
n2 # of Filtrate samp 8 8
note n1+n2= thus use Z statistic 34 35
Z Statistic Total PTOX
CYANO CYANO
X1bar-X2bar 5,123 2,437
S1^2/n1 3,533,814 858,053
S2^2/n2 78,303 0.014
SQT RT 1901 926
Z 2.70 2.63
level of confidence >99% >99%
For the combined sampling of April 17 and August 7, 2005,
 1) The pond water total cyanobacteria counts are significantly different
     from the filtrate cyanobacteria counts at the 99% level of confidence.
 2) The potentially toxic cyanobacteria counts are significantly different
     from the filtrate potentially toxic counts at the 99% level of significance  
 
Figure 4.2 on the following page presents a graphical representation for the average Total and 
PTOX Cyanobacteria counts using the combined data from both sampling events. 
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Figure 4. 2 Pond vs. Filtrate Comparisons Combined Data 
4.4 Cyanobacteria Toxin Concentrations 
Cyanobacteria toxin concentrations were quantified using the ELISA method.  These 
concentrations were provided by GreenWater laboratory.  The toxin concentrations and the 
associated quality control data are shown in Tables 4.6 and 4.7.  The average pond 
concentrations for all sites for each sampling period were 0.22 and 0.33 mg/L for the April and 
August sampling periods respectively.  The filtrate averages were 0.23 and less than 0.04 mg/L 
for the April and August sampling periods respectively.  The water applied to the soil columns 
were from the Pegasus and Lake Condel stormwater ponds which were taught to have higher 
concentrations of Toxins but the concentrations were relatively low (<0.04 to 0.17 mg/L).  From 
a statistical analysis comparing the mean values of toxin Microcystin in the ponds to the filtrate 
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values, the results from the sampling event in April showed no significant difference existed 
between the two. 
However, the second sampling event in August, 2005 indicated that a significant 
difference did exist at the level of confidence of approximately 88%.  Additionally, the level of 
confidence when the values from both sampling events were combined was on the order of 97% 
for the Microcystin filtering process. 
A graphical comparison of the average Microcystin concentration data (ug/L) for the 
ponds and the filtrate is shown in Figure 4.3.  The graph visually indicates the difference in the 
average values. 
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Figure 4. 3 Pond vs. Filtrate Microcystin Data 
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Table 4. 6 Microcystin Concentrations for April 2005 
 
ELISA Method Sampled in April 2005
Standard  Corrected Final
Sample ID Assay Final Conc. Recovery  Spike Corrected Average Standard
 Value Factor (%) Recovery Concentration Concentration Deviation
(ug/L) (%) (ug/L) (ug/L)
Filtrate #1 0.10 1x 74 78 0.17 0.13 0.06
0.05 1x 74 78 0.09
Filtrate #2 0.12 1x 83 89 0.16 0.18 0.02
0.14 1x 83 89 0.19
Filtrate #3 0.28 1x 83 89 0.38 0.39 0.01
0.29 1x 83 89 0.39
Hall Rd 0.10 1x 98 66 0.15 0.18 0.04
0.13 1x 98 66 0.20
South Irrigation 0.24 1x 74 73 0.44 0.49 0.07
0.29 1x 74 73 0.54
Lake Patrick 0.08 1x 74 77 0.14 0.16 0.03
0.10 1x 74 77 0.18
Lake Condel 0.12 1x 98 81 0.15 0.17 0.02
0.14 1x 98 81 0.18
Terrier Pond East 0.09 1x 90 92 0.11 0.10 0.02
0.07 1x 90 92 0.08
Terrier Pond South 0.05 1x 90 92 0.06 0.10 0.05
0.11 1x 90 92 0.13
Pegasus Pond 0.11 1x 98 80 0.14 0.16 0.02
0.13 1x 98 80 0.17
SR 417-1 0.36 1x 90 92 0.43 0.38 0.07
0.27 1x 90 92 0.33
SR 417-2 0.49 1x 98 80 0.62 0.60 0.04
0.45 1x 98 80 0.57
SR 417-3 0.10 1x 98 93 0.11 0.13 0.03
0.14 1x 98 93 0.15
SR 417-4 0.14 1x 98 72 0.20 0.20 0.00
0.14 1x 98 72 0.20
SR 417-5 0.17 1x 98 97 0.18 0.19 0.01
0.19 1x 98 97 0.20
University and SR 417 NW 0.09 1x 98 78 0.12 0.14 0.03
0.12 1x 98 78 0.16
Horatio 1 0.06 1x 90 87 0.08 0.09 0.01
0.07 1x 90 87 0.09
Horatio 2 0.12 1x 90 93 0.14 0.19 0.06
0.19 1x 90 93 0.23
Quantification limit = 0.04 µg/L 
No dilution ratio necessary
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Table 4. 7 Microcystin Concentrations for August 2005 
ELISA Method Sampled in August 2005 Corrected Final
Assay Standard Spike Corrected Average
Sample ID Dilution Final Conc. Value Recovery Recovery Concentration Concentration Standard
Ratio Factor (ug/L) (%) (%) (ug/L) (ug/L) Deviation
Filtrate #1 0 1x 0.02 77 98 < 0.04 < 0.04 0.00
0 1x 0.03 77 98 < 0.04
Filtrate #2 0 1x 0.02 77 98 < 0.04 < 0.04 0.00
0 1x 0.02 77 98 < 0.04
Filtrate #3 0 1x 0.03 77 98 < 0.04 < 0.04 0.00
0 1x 0.01 77 98 < 0.04
Filtrate #4 0 1x 0.02 77 98 < 0.04 < 0.04 0.00
0 1x 0.02 77 98 < 0.04
Filtrate #4b 0 1x 0.03 77 98 < 0.04 < 0.04 0.00
0 1x 0.03 77 98 < 0.04
Lake Patrick 0 1x 0.04 88 89 0.04 0.05 0.01
0 1x 0.05 88 89 0.06
Terrier Pond East 0 1x 0.07 88 89 0.08 0.06 0.03
0 1x 0.04 88 89 0.04
Terrier Pond South 0 1x 0.06 88 89 0.07 0.08 0.01
0 1x 0.07 88 89 0.08
SR 417-5 0 1x 0.08 88 89 0.09 0.12 0.04
0 1x 0.13 88 89 0.15
SR 417-4 0 1x 0.11 102 98 0.11 0.15 0.06
0 1x 0.10 102 98 0.19
SR 417-3 0 1x 0.09 102 98 0.09 0.09 0.00
0 1x 0.09 102 98 0.09
SR 417-1 1/10 10x 1.64 54 94 1.74 1.36 0.54
1/10 10x 0.92 54 94 0.98
SR 417-2 0 1x 1.33 54 94 1.41 1.56 0.21
0 1x 1.61 54 94 1.7
Lake Condel 0 1x 0.02 102 98 0.02 0.04 0.03
0 1x 0.06 102 98 0.06
Horatio 1 0 1x 0.45 54 94 0.48 0.45 0.04
0 1x 0.40 54 94 0.42
Horatio 2 0 1x 0.03 102 98 < 0.04 < 0.04 0.00
0 1x 0.03 102 98 < 0.04
Pegasus Pond 0 1x 0.01 102 98 < 0.04 < 0.04 0.00
0 1x 0.02 102 98 < 0.04
Quantification limit = 0.04 µg/L  
 30
Table 4. 8 Statistical Analyses: Pond vs. Filtrate Microcystin Data 
Single Sample Run Date of April 2005 Single Sample Run Date of August 2005
Null Hypothesis:  Xbar 1 > Xbar2 (0ne sided) Null Hypothesis:  Xbar 1 > Xbar2 (0ne sided)
X bar 1 Pond AVG 0.22 X bar 1 Pond AVG 0.33
X bar 2 Filtrate Avg 0.23 X bar 2 Filtrate Avg 0.04
S1 STD DEV Ponds 0.15 S1 STD DEV Ponds 0.52
S2 STD DEV Filtrate 0.11 S2 STD DEV Filtrate 0.00
n1 # of Pond samp 15 n1 # of Pond samp 12
n2 # of Filtrate samp 3 n2 # of Filtrate samp 5
note: n1+n2= 18 note: n1+n2= 17
t Statistic Toxin t Statistic Toxin
X1bar-X2bar -0.014 X1bar-X2bar 0.290
(n1-1)*S1^2 0.297 (n1-1)*S1^2 2.970
(n2-1)*S2^2 0.025 (n2-1)*S2^2 0.000
n1+n2-2 16 n1+n2-2 15
(1/n1+1/n2) 0.400 (1/n1+1/n2) 0.283
SQRT 0.090 SQRT 0.237
t -0.156 t 1.223
significant difference >55% significant difference ~88%
not a significant difference
Combined Sampling Data
Null Hypothesis:  Xbar 1 > Xbar2 (0ne sided)
X bar 1 Pond AVG 0.266
X bar 2 Filtrate Avg 0.111
S1 STD DEV Ponds 0.367
S2 STD DEV Filtrate 0.114
n1 # of Pond samp 27
n2 # of Filtrate samp 8
note n1+n2= 35
Z Statistic Total
X1bar-X2bar 0.155
S1^2/n1 0.005
S2^2/n2 0.002
SQT RT 0.081
Z 1.91
level of confidence >97%  
 
4.5 Pond Volume and Cyanobacteria Populations 
Since the lake data shows population counts and concentrations at least two or more 
orders of magnitude greater than the stormwater ponds, and the lakes were much larger in 
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volume and area relative to the stormwater ponds, comparison of stormwater pond volumes to 
the population counts and concentrations were made using the stormwater pond data. 
The data for pond area, average depth, and volumes along with an estimate of the watershed 
areas are shown in Table 4.9.  The area data were obtained from recent air reconnaissance.  The 
volumes were calculated from the area and an average depth.  The average depth was obtained 
using sounding equipment.  For all the ponds, side slopes were documented until a relatively 
constant depth was recorded across a pond.  Depth was measured through many sections of the 
ponds and recorded when the change in depth was over about ½ foot.  An average depth was 
calculated and the volume obtained as a function of average depth and area.   This volume is 
estimated as that relatively close to the pond control elevation and representative of the sampling 
times. 
Table 4.9 Stormwater Pond Area, Depth, and Volume Data 
 
Estimated Approximate
Pond Watershed Watershed Average Number of Approximate
Area Area*** Type Depth* Measured Volume**
Name (acre) (acre) (ft)  Points (acre-ft)
1 Lake Condel 2.7 135 Residential 10 80 27
2 Terrier Pond 4.6 230 Residential 14 100 64
3 UCF South Irrigation Pond off Campus Road 4.4 220 Roads & Parking 6 80 26
4 UCF Pegasus Pond off Campus Road 0.6 30 Roads & Parking 6 40 3.6
5 Lake Patrik 9.4 470 Roads & Parking 11 50 103
6 SR 417-1, NB at Lee Vista Boulevard Exit 1.7 85 4 Lane Divided 8 40 14
7 SR 417-2, SB 0.5 miles south of Lee Vista Boulevard 1.8 90 4 Lane Divided 8 40 14
8 SR 417-3, NB at SR 528 (Beeline) exit 3.5 175 4 Lane Divided 8 40 28
9 SR 417-4, NB 2 miles north of Narcoossee Road 3.3 165 4 Lane Divided 8 40 26
10 SR 417-5, NB 1 mile north of Narcoossee Road 2.0 100 4 Lane Divided 8 40 16
11 University Boulevard and Hall Road 0.9 45 6 Lane Curbed 4 20 3.6
12 University Boulevard and SR 417, NW corner 4.6 230 6 Lane Curbed 6 40 28
13 Horatio Avenue and Via Tuscany No. 1 1.1 55 4 Lane Curbed 4 20 4.4
14 Horatio Avenue and Via Tuscany No. 2 0.2 10 4 Lane Curbed 3 10 0.6
* Average Depth
** Surface Area Multiplied by Average Depth
*** Based on 2% of the Watershed used for Pond Area  
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Both the sampling data of April and August showed no correlation between the pond 
volumes and the population counts, nor any correlation between pond volume and PTOX counts.  
The lack of correlation is shown by the statistical data and calculations in Table 4.10 through 
Table 4.13 for each sampling period.  Thus, larger volume stormwater ponds do not have greater 
counts of Cyanobacteria relative to smaller ones. 
Graphical presentations of the pond volume data and average Total and PTOX were also 
made to visually compare the potential relationship.  This comparison is shown in Figure 4.4. 
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Figure 4. 4 Pond Volume vs. Total and PTOX Counts 
 
 33
Table 4. 10 Statistical Comparison of Pond Volume to Populations Counts in April 2005 
 
Approx Total
Volume CYANO
(acre-ft)    Units/mL
Lake Condel 27 12590
Terrier Pond 64 650
Terrier Pond 64 2223
UCF South Pond 26 298
UCF Pegasus Pond 3.6 1387
Lake Patrik 103 557
SR 417-1 14 824
SR 417-2 14 2620
SR 417-3 28 1005
SR 417-4 26 3267
Univ & Hall Road 3.6 389
Horatio Avenue No. 1 4.4 0
Horatio Avenue No. 2 0.6 270
Univ & SR 417, NW 28 420
SR 417-5 Sample Omitted
23092.92 135660462 -5.32746
SSxx SSyy SSxy
Xave 29.1 slope -0.000231 s 3362
yave 1893 SSE 135660462 t -0.0000104
n 14 |t| 0.0000104
table t 13%  
 
Table 4. 11 Statistical Comparison of Pond Volume to Population Counts in August 2005 
 
Approx Total
Volume CYANO
(acre-ft)   Units/mL
Lake Condel 27 36412
Terrier Pond 64 1746
Terrier Pond 64 1501
UCF Pegasus Pond 3.6 3450
Lake Patrik 103 5011
SR 417-1 14 33640
SR 417-2 14 17578
SR 417-3 28 11038
SR 417-4 26 13797
SR 417-5 16 499
Horatio Avenue No. 1 4.4 7825
Horatio Avenue No. 2 0.6 613
not sampled
Univ & Hall Road
UCF South Pond
Univ & SR 417, NW
21877 1728997274 -912584
SSxx SSyy SSxy
Xave 30.5 slope -41.7 s 13004
yave 12467 SSE 1690929877 t -0.474475
n 12 |t| 0.47448
table 48%  
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Table 4. 12 Statistical Comparison of Pond Volume to PTOX in April 2005 
Approx PTOX
Volume CYANO
(acre-ft)    Units/mL
Lake Condel 27 227
Terrier Pond 64 499
Terrier Pond 64 635
UCF South Pond 26 0
UCF Pegasus Pond 3.6 68
Lake Patrik 103 390
SR 417-1 14 476
SR 417-2 14 1427
SR 417-3 28 183
SR 417-4 26 2814
SR 417-5 16 318
Univ & Hall Road 3.6 0
Horatio Avenue No. 1 4.4 0
Horatio Avenue No. 2 0.6 0
Univ & SR 417, NW 28 11
23349 7865094 32428
SSxx SSyy SSxy
Xave 28.3 slope 1.39 s 776
yave 470 SSE 7820058 t 0.27362
n 15 |t| 0.27362
table 7%  
 
Table 4. 13 Statistical Comparison of Pond Volume to PTOX in August 2005 
 
Approx PTOX
Volume CYANO
(acre-ft) Units/mL
Lake Condel 27 1844
Terrier Pond 64 191
Terrier Pond 64 265
UCF Pegasus Pond 3.6 38
Lake Patrik 103 3759
SR 417-1 14 20691
SR 417-2 14 14312
SR 417-3 28 5897
SR 417-4 26 9064
SR 417-5 16 4
Horatio Avenue No. 1 4.4 2681
Horatio Avenue No. 2 0.6 8
not sampled
Univ & Hall Road
UCF South Pond
Univ & SR 417, NW
20298.68 489280520 -539528
SSxx SSyy SSxy
Xave 27.0 slope -26.6 s 6892
yave 4465 SSE 474940170 t -0.54949
n 12 |t| 0.54949
table 41%  
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CHAPTER FIVE: SUMMARY/CONCLUSION/RECOMMENDATONS 
5.1 Summary 
Fourteen stormwater ponds located in central Florida were sampled for Cyanobacteria 
total and potentially toxic (PTOX) counts and toxin concentrations. These ponds had visual 
appearances of Cyanobacteria and in some ponds, Orange County Environmental Protection had 
identified at least the qualitative assessment of the Cyanobacteria.  For two stormwater ponds, 
namely, Lake Terrier and Lake Condel, there were confirmed Cyanobacteria counts.  The 
stormwater ponds were also chosen to represent different land uses, such as urban roads, state 
roads, institutional, residential and industrial.  The ponds were sampled on two different 
occasions for the documentation of Cyanobacteria counts and toxin concentrations. 
In addition, four columns with soil were used to infiltrate and percolate stormwater pond 
water.   Pond water from three ponds along S.R. 417, Lake Condel and Pegasus pond were 
applied to the columns to simulate a year of water.  The columns were four feet deep and 
sampling occurred at this depth to detect the occurrence of Cyanobacteria counts and toxin 
concentrations.  The columns were 2 foot square and filled with the most common sandy soils on 
the campus of UCF.  The soils were poorly graded and classified as type A hydrologic in terms 
of their drainage characteristics.  The soils were compacted to 92% density to simulate 
construction practices. 
The fourteen ponds were surveyed for area and depth.  This provided an estimate of the 
as-built and operational conditions.  The volume of each pond was then calculated. 
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5.2 Conclusions 
The results of this research show that total and PTOX Cyanobacteria counts and the 
toxins associated with them do exist in stormwater ponds across the Central Florida area.  This 
was the first documentation of such numbers and as such had no other comparative pond data.  
However, the total and PTOX counts are much lower, by about two orders of magnitude, relative 
to those counts found in large central Florida lakes. 
Even though Cyanobacteria was found in all of the ponds evaluated for this study, one 
particular location or watershed source did not show a greater concentration of Cyanobacteria 
over any other.    The average counts for the stormwater ponds were 1,893 total and 470 PTOX 
in April 2005 with standard deviations of 3,113 and 724 respectively.  For the August 2005 
sampling, the average counts were 11,093 total and 4,896 PTOX with standard deviations of 
11,924 and 6,371 respectively.  Lake data shown total count numbers ranging from 116,700 to 
1,361,860, and PTOX counts as high as 154,190. 
Provided that relatively low levels of Cyanobacteria tend to be found in stormwater 
ponds, the filtration mechanism of natural soil material appears to be an effective means of 
reducing the total Cyanobacteria counts and the potentially toxic Cyanobacteria counts as well.  
However, the reduction in the Microcystin toxin that is produced from the Cyanobacteria was 
shown to not be significantly reduced by the natural soil media presumably because of the low 
concentrations. 
Geometric data for pond sizes were not available, thus field reconnaissance for pond 
depths and the use of aerial maps for pond area estimation had to be obtained.  This resulted in 
more accurate pond volume estimates relative to the use of planned construction drawings. 
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The area and depth of each stormwater pond was evaluated and the volume of each was 
estimated.  Larger volume and area lakes have higher Cyanobacteria counts and thus larger 
ponds may have higher counts.  However, there was no relationship of counts or toxin 
concentrations to the volume of stormwater ponds. 
5.3 Recommendations 
For the site locations and climate conditions of this study, and based on the 
Cyanobacteria data of this study, stormwater ponds should be treated the same as lakes in the 
area relative to any regulations regarding the beneficial uses of both lakes and ponds. 
There were significant removal of total and PTOX Cyanobacteria using naturally 
occurring poorly graded soils.  However, further study is necessary for the removal of toxins in 
stormwater using these and other naturally occurring soils.  As an example, additional organic 
content may reduce the toxins.  This will be done in a continuing study and will add more 
definitive data on the forces causing removals.  The growth rate as related to residence time may 
be important and worthy of additional research, because of the lower residence time in the 
stormwater ponds relative to the large lakes. 
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APPENDIX A: USGS QUADRANGLE & SCS SOIL SURVEY MAPS 
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Lake Condel:  Location and Soil Description
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Terrier Pond:  Location and Soil Description
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UCF South Irrigation and Pegasus Ponds:  Location and Soil Description
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Lake Patrik:  Location and Soil Description
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S.R. 417-1 and S.R. 417-2 Ponds:  Location and Soil Description
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S.R. 417-3 and S.R. 417-4 Ponds:  Location and Soil Description
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S.R. 417-5 Pond:  Location and Soil Description
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University Blvd and Hall Road Pond:  Location and Soil Description
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University Blvd and S.R. 417 Pond:  Location and Soil Description
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Horatio Avenue and Via Tuscany No. 1 and No. 2 Ponds:  Location and Soil Description
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APPENDIX B: PHOTOGRAPHS OF STORMWATER PONDS 
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Lake Condel:  Aerial photograph of subject site and surrounding area.
Lake Condel
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Terrier Pond
Terrier Pond:  Aerial photograph of subject site and surrounding area.
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Pegasus Pond
South Irrigation Pond
UCF South Irrigation and Pegasus Ponds:  Aerial photograph of subject sites and surrounding areas.
 Lake Patrik
Lake Patrik:  Aerial photograph of subject site and surrounding area.
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SR 417-2
SR 417-1
S.R. 417-1 and S.R. 417-2 Ponds:  Aerial photograph of subject sites and surrounding areas.
 SR 417-3
SR 417-4
S.R. 417-3 and S.R. 417-4 Ponds:  Aerial photograph of subject sites and surrounding areas.
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SR 417-5
SR 417-4
S.R. 417-5 Pond:  Aerial photograph of subject site and surrounding area.
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University Blvd and Hall Road Pond:  Aerial photograph of subject site and surrounding area.
University &  
Hall Road Pond
 University & 
S.R. 417 
Pond 
University Blvd and S.R. 417 Pond:  Aerial photograph of subject site and surrounding area.
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Horatio 1 
Horatio 2
Horatio A rounding areas.venue and Via Tuscany Ponds:  Aerial photograph of subject sites and sur
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Lake Condel:  View of the south shoreline from the west shore. 
 
 
 
Lake Condel:  View of the east shoreline from the west shore.
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Terrier Pond:  View facing west from the east shore (standing at the nose of the dog). 
 
 
 
Terrier Pond:  View from south shoreline facing west. 
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UCF South Irrigation Pond:  View f
 
acing south from
 
UCF South Irrigation Pond:  View from south shoreline facing northeast. 
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 the north shore. 
 
 
 
UCF Pegasus Pond:  View facing southeast from the northwest corner. 
 
 
 
UCF Pegasus Pond:  View from east shoreline facing northwest. 
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Lake Patrik:  View facing nort east from the south shoreline. h
 
 
 
Lake Patrik:  View from sout t corner facing northwest. heas
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S.R. 417-1 Pond:  View of north shoreline. 
 
 
 
S.R. 417-1 Pond:  Close up view of algae along north shoreline.
 66
 
 
S.R. 417-2 Pond:  View from south shoreline. 
 
 
 
S.R. 417-2 Pond:  View of east shoreline. 
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S.R. 417-3 Pond:  View of west shoreline. 
 
 
 
S.R. exit.417-3 Pond:  View of northwest corner near Beachline (S.R. 528) 
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S.R. 417-4 Pond:  View from southwest corner. 
 
 
 
S. t. R. 417-4 Pond:  View from northwest corner facing southeas
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S. . R. 417-5 Pond:  View from southwest corner
 
 
 
S.R. 417-5 Pond:  View of algae along north shoreline. 
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University Blvd and Hall Road Pond:  View from northwest corner. 
 
 
 
University Blvd and Hall Road Pond:  View from southwest corner. 
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University Blvd a rner facing west. nd S.R. 417 Pond:  View from southeast co
 
 
 
U . niversity Blvd and S.R. 417 Pond:  View from southeast corner facing north
 72
 
 
Horatio A horeline. 
  
venue and Via Tuscany No. 1:  View from east s
 
 
Ho r. ratio Avenue and Via Tuscany No. 1:  View from southeast corne
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Horatio Av est corner. 
  
enue and Via Tuscany No. 2:  View from southw
 
 
Horatio orner. 
   
 Avenue and Via Tuscany No. 2:  View from southeast c
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APPENDIX C: GREENWATER LABORATORIES SAMPLING DATA 
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